ABSTRACT
INTRODUCTION
Lapatinib (in Europe: Tyverb; GlaxoSmithKline, Uxbridge, U.K.; in the U.S.: Tykerb; GlaxoSmithKline, Philadelphia) is currently registered for two indications: (a) in Europe and in the U.S. in combination with capecitabine for patients with advanced breast cancer or metastatic breast cancer (MBC) whose tumors overexpress human epidermal growth factor receptor (HER)-2 (ErbB-2) and are progressive after prior therapy, which must have included anthracyclines and taxanes, and therapy with trastuzumab in the advanced disease setting [1, 2] ; (b) in Europe in combination with an aromatase inhibitor for postmenopausal women with hormone receptor (HR) ϩ and HER-2 ϩ MBC not currently intended for chemotherapy [1] and in the U.S. in combination with letrozole for the treatment of postmenopausal women with HR ϩ MBC that overexpress the HER-2 and for whom hormonal therapy is indicated [3] .
HER-2 protein overexpression is present in 20%-25% of human breast cancers. Patients with HER-2 ϩ breast cancer have been reported to have shorter disease-free survival and overall survival (OS) times than patients with HER-2 Ϫ tumors [4] , and therefore this is a negative prognostic characteristic. Trastuzumab was the first registered anti-HER-2 agent that, when combined with chemotherapy, resulted in a longer time to progression (TTP), greater response rate (RR), and longer OS time in patients with HER-2 ϩ MBC [5] . Lapatinib is an oral drug, combining inhibition of HER-2 and epidermal growth factor receptor (EGFR, HER-1) tyrosine kinases.
CLINICAL USE
Lapatinib is available in tablets of 250 mg. The recommended dose of lapatinib in combination with capecitabine is 1,250 mg once daily continuously. In combination with an aromatase inhibitor, the recommended dose is 1,500 mg once daily continuously.
All tablets should be taken together at the same time, at least 1 hour before or 1 hour after a meal [1] .
MECHANISM OF ACTION
Lapatinib (Fig. 1A) is a potent reversible and selective inhibitor of the intracellular domains of the tyrosine kinases EGFR (HER-1) and HER-2. It competes with ATP for the ATPbinding pocket. This leads to downstream blocking of the mitogen-activated protein kinase and phosphatidylinositol 3-kinase, Akt, and mammalian target of rapamycin dependent transduction pathways, resulting in growth arrest or apoptosis of tumor cells [6, 7] (Fig. 1B) .
Unlike trastuzumab, lapatinib is able to bind and inhibit p95 HER-2 , which is the truncated form of HER-2 lacking an extracellular domain but possessing greater kinase activity than wild-type HER-2. Trastuzumab resistance may be mediated, at least in part, through the expression of p95 HER-2 in disease progression [8] .
ANALYTICAL METHODOLOGY
The bioanalysis of lapatinib can be exerted by high-performance liquid chromatography with tandem mass spectrometry detection [9] .
PHARMACOKINETICS Absorption
After oral administration, the maximum plasma concentration of lapatinib is achieved within 3-4 hours [10]. The bioavailability of lapatinib is highly influenced by concomitant food intake, with the largest effect being seen with a high-fat meal, which increases the exposure of lapatinib more than threefold. Because greater bioavailability in the fed state does not significantly decrease the large interpatient variability, it is recommended to administer the drug in the fasted state to obtain consistent therapeutic exposure [11] .
The solubility of lapatinib is pH dependent. Proton pump inhibitors and other agents that increase gastric pH should be avoided because they may negatively affect the absorption of lapatinib [1] .
Distribution
Lapatinib is ϳ99% bound to albumin and ␣1-acid glycoprotein (Table 1 ). In spite of high plasma protein binding, the volume of distribution of the terminal phase is Ͼ2,200 l, much greater than the volume of body water, indicating high tissue distribution [12, 13] . The penetration of lapatinib into the central nervous system (CNS) is poor. In a mouse study, an important role of the drug transporters P-glycoprotein (P-gp, mdr1, abcb1) and BCRP-1 (human homolog BCRP, ABCG2) in limiting the uptake of lapatinib in the CNS was demonstrated, because in abcb1/abcg2 knockout mice, compared with normal mice, the normally very low CNS penetration was found to be 40-fold higher [14] .
Metabolism
After oral uptake, lapatinib is metabolized to oxidation products by cytochrome P450 (CYP)3A4, 3A5, 2C19, and 2C8. The most important is CYP3A4, which accounts for ϳ70% of metabolism. One metabolite (GW690006), which accounts for Ͻ15% of metabolism, remains active against EGFR; however, it has lost activity against HER-2, whereas other metabolites appear to be inactive [12] .
Elimination
Lapatinib is primarily eliminated by the liver, with Ͻ2% eliminated by the kidneys. The elimination half-life is ϳ14 hours after administration of a single dose, and ϳ24 hours after multiple dosing [12] . In a phase I study in patients with solid malignancies, lapatinib serum concentrations increased nearly in proportion with dose, indicating linear pharmacokinetics [15] .
Drug and Complementary and Alternative Medicine Interactions
Lapatinib is an inhibitor of CYP3A4, most likely via modification of the enzyme by covalent binding of one of its metabolites [16] . In one study, lapatinib increased the area under the concentrationtime curve (AUC) of SN-38, the active metabolite of the prodrug irinotecan, by 41%, the effect of which could be corrected for by dose adjustment of irinotecan. No other pharmacokinetic interactions were observed when combining lapatinib with 5-fluorouracil, leucovorin, and irinotecan [17] .
In healthy volunteers, concomitant administration of the strong CYP3A4 inhibitor ketoconazole increased the AUC and prolonged the terminal half-life of lapatinib 3.6ϫ and 1.7ϫ, respectively [18] . Coadministration of lapatinib with strong inhibitors of CYP3A4 (e.g., ritonavir, saquinavir, ketoconazole, itraconazole, voriconazole, posaconazole, and nefazodone) should be avoided [1] .
Alterations with Disease or Age
The influence of renal dysfunction on lapatinib clearance has not been studied yet; however, on theoretical grounds, considering the minimal renal elimination, no need for dose adjustments is expected [1, 12] . In a small group of patients with moderate or severe liver dysfunction (Child-Pugh score, 7-9 and Ͼ9, respectively), lapatinib exposure was 56% and 85% greater, respectively [1] . Therefore, a corresponding Ն50% dose reduction of lapatinib in patients with moderate to severe liver impairment should be considered. The safety of lapatinib in pregnancy and during breast feeding has not been established yet. There is a published case report of a woman who delivered a healthy baby despite exposure to lapatinib during 11 weeks in the first trimester [19] . However, lapatinib displayed reproductive toxicity in animals as well as growth retardation in pups exposed to lapatinib via breast feeding. Therefore, during pregnancy and lactation the use of lapatinib should be avoided [1] .
PHARMACODYNAMICS
Lapatinib is a potent inhibitor of both EGFR and HER-2, showing a 50% inhibitory concentration Ͻ0.2 M [20]. Relationships between lapatinib dose and antitumor response are difficult to assess and have not been extensively explored.
Tolerability is limited by diarrhea at the dose level of 500 mg twice daily [15] .
ADVERSE REACTIONS
Rash and gastrointestinal adverse events like diarrhea and vomiting are frequently seen during therapy with lapatinib. In most cases, symptoms are mild and do not result in discontinuation of the drug. However, in an open-label study, severe diarrhea compromised therapy in 9.7% of patients treated with lapatinib together with capecitabine [21] .
CONTRAINDICATIONS OR SPECIAL PRECAUTIONS
Lapatinib is contraindicated in cases of hypersensitivity to the active substance or to any of the excipients [1] . Decreased left ventricular ejection fraction (LVEF) occurred in ϳ1% of patients receiving lapatinib and was asymptomatic in Ͼ90% of cases. It resolved in ϳ70% of patients, ei- ther with or without discontinuation of therapy [1] . In a phase I dose-escalation study, 81 patients received daily doses of lapatinib in the range of 175-1,800 mg/day. Thirteen of the 81 patients were found to have a corrected QT by the Friedericia method Ͼ480 msec. Analysis of the data suggested a relationship between lapatinib concentration and the QTc interval [22] . LVEF and QTc time should therefore be determined at initiation of therapy and also during treatment. Because of the association of treatment with lapatinib and the occurrence of interstitial lung disease and pneumonitis, physicians should be alert to pulmonary symptoms. Lapatinib should be discontinued when patients experience grade Ն3 pulmonary toxicity, manifested by severe dyspnea, cough, or fever. It is recommended that liver function tests (transaminases, bilirubin, and alkaline phosphatase) be assessed at initiation of therapy and monthly thereafter. Lapatinib should be at least temporarily discontinued if changes in serum liver function tests are severe [1] . The registration of lapatinib was approved primarily based on a phase III, randomized, open-label study comparing lapatinib plus capecitabine with capecitabine alone in 324 patients with HER-2ϩ advanced breast cancer or MBC that had progressed during prior treatment with anthracyclines, taxanes, and trastuzumab. Patients were randomized to receive lapatinib at a dose of 1,250 mg/day continuously plus capecitabine at a dose of 2,000 mg/m 2 per day on days 1-14 of a 21-day cycle or capecitabine at a dose of 2,500 mg/m 2 per day on days 1-14 of a 21-day cycle alone. The primary endpoint was the TTP. Secondary endpoints included the OS time, RR, progression-free survival (PFS) interval, and tolerability. Inclusion of patients was prematurely discontinued because of a significant difference in TTP in favor of the combination therapy: at an interim analysis, the median TTP with combination therapy was 8.4 months, compared with 4.4 months with capecitabine alone (hazard ratio [HR], 0.49; 95% confidence interval [CI], 0.34 -0.71; p Ͻ .001). However, there was no significant difference in the median OS times found between the two groups [24] . At the time of closure of accrual, however, the difference in the TTP between groups was 50% lower, at 1.9 months (6.2 months versus 4.3 months; HR, 0.57; 95% CI, 0.43-0.77; p Ͻ .001). The OS duration did not differ significantly between groups (15.6 months versus 15.3 months; HR, 0.78; 95% CI, 0.55-1.12; p ϭ .177) [25] .
EFFICACY Lapatinib in Combination with
In the final analysis of mature survival data, including 90% of patients intended to receive capecitabine who had crossed over to the combination arm when enrollment was halted, the median OS time did not differ between groups (17.3 months versus 14.9 months; HR, 0.87; 95% CI, 0.71-1.08; p ϭ .210). However, the study design did not allow for drawing definite conclusions from the survival data [25] .
Lapatinib in Combination with an Aromatase Inhibitor for Postmenopausal Women with HR ؉

HER-2 ؉ MBC
In June 2010, the EMEA approved lapatinib in combination with an aromatase inhibitor for the first-line treatment of postmenopausal women with HR ϩ HER-2 ϩ MBC [1] . In a doubleblind, randomized, placebo-controlled trial comparing lapatinib at a dose of 1,500 mg/day continuously in combination with letrozole at a dose of 2.5 mg/day orally with letrozole alone, a significantly longer PFS interval (8.2 months versus 3.0 months) was demonstrated in MBC patients. However, at the time of analysis, when Ͻ50% of death events had been recorded, the median OS time in the lapatinib plus letrozole group (33.3 months) did not differ significantly from that of the letrozole plus placebo group (32.3 months; HR, 0.74; 95% CI, 0.5-1.1; p ϭ .113) [27] .
Off-Label Use of Lapatinib
Lapatinib in Combination with Trastuzumab Beyond Progression
In 296 MBC patients who were progressive on their latest trastuzumab-containing regimen, continuation of therapy with lapatinib at a dose of 1,000 mg daily combined with 2 mg/kg trastuzumab weekly was superior to lapatinib alone at a dose of 1,500 mg daily in terms of the PFS interval (HR, 0.73; 95% CI, 0.57-0.93; p ϭ .008). The median OS time in patients receiving lapatinib plus trastuzumab did not differ significantly from that of patients receiving lapatinib monotherapy (51.6 weeks versus 39.0 weeks; HR, 0.75; 95% CI, 0.53-1.07; p ϭ .106). Diarrhea occurred more frequently in the combination arm [28] .
First-Line Paclitaxel in Combination with Lapatinib
Because of dual inhibition of EGFR and HER-2 by lapatinib, the efficacy of lapatinib for patients with HER-2 Ϫ and uncharacterized HER-2 MBC was investigated in a phase III, doubleblind, randomized study. In 597 patients with MBC, the addition of lapatinib to first-line treatment with paclitaxel did not show any significant difference in terms of the TTP, eventfree survival duration, or OS time, compared with treatment with paclitaxel alone. Diarrhea and rash occurred significantly more frequently in the combination group [29] .
Lapatinib in Clinical Guidelines
A clinical guideline with recommendations on the treatment of patients with MBC was provided by the U.K. National Institute for Health and Clinical Excellence (NICE) [30] . Trastuzumab is only used in patients with HER-2 ϩ tumors in combination with systemic chemotherapy. There is controversy about its use when chemotherapy is stopped when disease is progressive [30] . In a randomized, controlled trial in HER-2 ϩ breast cancer patients who had progressed during treatment with trastuzumab, the continuation of trastuzumab (6 mg/kg 3-weekly) in combination with capecitabine led to a significantly longer TTP (8.2 months versus 5.6 months; unadjusted HR, 0.69; 95% CI, 0.48 -0.97; two-sided log-rank p ϭ .0338) and greater overall RR (48.1% versus 27.0%; odds ratio, 2.50; p ϭ .0115) than with capecitabine alone [31] . The median OS time was not significantly different in the combination arm compared with the capecitabine arm (24.9 months and 20.6 months, respectively; HR, 0.94; 95% CI, 0.65-1.35; p ϭ .73) [1, 32] . According to the recent NICE guideline, it is advised to discontinue trastuzumab when there is disease progression outside the CNS based on uncertainties in clinical effectiveness as well as cost-effectiveness [30] .
When continuation of trastuzumab is not considered to be useful, lapatinib plus capecitabine could be an alternative for capecitabine or vinorelbine monotherapy. Although the combination of lapatinib with capecitabine resulted in a significantly longer TTP and PFS interval than with capecitabine monotherapy, the difference in the mean OS times was small and not significant [26] . Considering its small effect size and the impact of the use of lapatinib on National Health Services resources, NICE does not recommend the use of lapatinib in patients with HER-2 ϩ MBC that has progressed following treatment with anthracyclines, taxanes, and trastuzumab, except in the context of clinical trials [33] .
Clinical evidence from one study demonstrated that lapatinib with letrozole, compared with letrozole monotherapy, led to a longer PFS time in patients with HR ϩ HER-2 ϩ MBC. However, no significant effect on the OS outcome was seen [27] .
In an economic evaluation, the combination of lapatinib and letrozole was not cost-effective when compared with letrozole monotherapy [34] .
Considering the lack of trials directly comparing lapatinib with trastuzumab, together with the small effect size of lapatinib when added to standard second-line agents, the U.K. and The Netherlands (personal communication, GlaxoSmithKline) do not reimburse for lapatinib in combination with capecitabine for the treatment of HER-2 ϩ HR Ϫ advanced breast cancer or MBC. Recently, in The Netherlands, on the basis of an indirect comparison, the Committee for Pharmaceutical Aid advised reimbursing for lapatinib in combination with an aromatase inhibitor for the indication of first-line treatment of HER-2 ϩ HR ϩ MBC in patients with slowly progressing disease and without brain and extensive visceral metastases [35] .
CONCLUSION, FUTURE DIRECTIONS, AND AREAS OF UNCERTAINTY
Lapatinib is a reversible inhibitor of both the EGFR and HER-2 tyrosine kinases approved (conditionally by the EMEA) for the treatment of HER-2 ϩ advanced breast cancer or MBC. Lapatinib is moderately to well tolerated, with a low incidence of serious adverse events. However, when combined with capecitabine, diarrhea can be severe. Discussion remains about the efficacy of lapatinib in patients with MBC when combined with capecitabine, showing only a small difference in the TTP [24] without any significant difference in the OS duration [25, 26] , compared with treatment with capecitabine alone.
Because of the lack of published studies directly comparing trastuzumab with lapatinib (in combination with secondline agents) when disease has progressed, a sound evaluation of clinical effectiveness as well as cost-effectiveness is not possible.
At present, despite published data, it is uncertain whether or not lapatinib has a beneficial effect in the prevention and treatment of HER-2 ϩ CNS metastases [36 -38] . This is a subject of current trials [39] .
Results of the NCT00667251 trial should reveal the efficacy of lapatinib with trastuzumab when added to taxanebased chemotherapy, followed by lapatinib or trastuzumab monotherapy, as first-line therapy for HER-2 ϩ MBC patients [39] .
The Adjuvant Lapatinib And/Or Trastuzumab Treatment Optimisation (ALTTO) study is a randomized, open-label, multicenter phase III study comparing the activity of lapatinib alone with that of trastuzumab alone and with that of trastuzumab followed by lapatinib and with that of lapatinib concomitantly with trastuzumab in the adjuvant treatment of patients with HER-2-overexpressing breast cancer [40] . The Tykerb Evaluation After Chemotherapy (TEACH) study is investigating whether or not lapatinib as maintenance therapy after standard adjuvant therapy for HER-2 ϩ early breast cancer will lead to a longer OS time [41] .
Combining extracellular and intracellular blockage of HER-2 by trastuzumab and lapatinib, respectively, for earlystage breast cancer may be an interesting treatment strategy. Preliminary results of the Neoadjuvant Lapatinib and/or Trastuzumab Treatment Optimisation (NEO-ALLTO) study [42] , a randomized, open-label, multicenter, phase III study comparing the efficacy of neoadjuvant lapatinib plus paclitaxel with that of trastuzumab plus paclitaxel and with that of concomitant lapatinib and trastuzumab plus paclitaxel given as neoadjuvant treatment in HER-2/ErbB-2 overexpressing and/or amplified primary breast cancer, show higher pathological complete response and objective (clinical) response rates in the combination arm than with either trastuzumab or lapatinib alone [43] .
Definitive results of these ongoing phase III studies are eagerly awaited in order to define the position of lapatinib in breast cancer treatment guidelines. 
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